APLOCHEILOID FISHES
The suborder Aplocheiloidei comprises a group of freshwater and euryhaline fishes that is divided in two families, the New World Rivulidae and the Old World Aplocheilidae. The mtDNA of both families was analyzed by Murphy and Collier (1997) , who constructed a phylogeny that was then fitted to an area cladogram. The cladogram indicated significant divisions between six different parts of the globe: West Africa, East Africa, South America, Indo-Malayasia, Madagascar/ Seychelles, and North America. Previously, Murphy and Collier (1996) had found a significant division between the revulid fishes of Central America and the Greater Antilles. In their conclusion, the authors' stated that their cladogram divisions were completely congruent with the historical breakup of Gondwana.
Except for the West Africa-East Africa division, the separations in the cladogram of Murphy and Collier (1997) represent contemporary oceanic barriers. The African puzzle was solved by hypothesizing an epicontinental sea that had extended through Africa southward from the Tethys Sea. The authors gave no reason for postulating a Mesozoic dispersal aboard tectonic plates, but in so doing they did follow two of their predecessors.
The classic systematic work on the order Cyprinodontiformes, that includes the Aplocheiloidei, was published by Parenti (1981) . She considered the order to have been a widespread pangaean group with an origin in at least the late Triassic. Parker and Kornfield (1995) had done a molecular study on the family Cyprinodontidae, a sister group to the Aplocheiloidei. They proposed an origin in the western Tethys Sea in the late Jurassic to early Cretaceous.
Fossil materials pertaining to the order Cyprinodontiformes are helpful. Four of the families are represented by fossils, and all of them are from Tertiary deposits. The order belongs to an advanced teleost series (Atherinomorpha), but none of the additional five families included within that larger group are older than the Tertiary (a maximum of 65 MY) (Patterson, 1993) . The oldest dates for all of the atherinomorph families range from the early to mid-Tertiary. These data do not preclude the possible discovery of older fossils, but as time goes on, their appearance becomes less probable.
If, as the fossil record seems to indicate, the aplocheiloid fishes are too young to have been carried about on tectonic plates, how did they achieve their circumglobal range? The answer does not appear to be difficult. For many years, these fishes have been allocated to a category called "secondary freshwater fishes" (Myers, 1938) . Some of the species live in brackish water and others can tolerate the higher salinity of seawater. One species, Rivulus marmoratus, ranges through the tropical Western Atlantic from Florida to Brazil. Their ability to migrate through the sea has been given as the reason for their establishment at oceanic islands such as the Greater Antilles and Madagascar (Briggs, 1995) .
Primary freshwater fishes are unable to live in saltwater and cannot venture into the sea. About 64% of the world's freshwater fishes belong to this category (Nelson, 1994 ). They have not been able to reach the Antilles or Madagascar. Primary freshwater fishes are some of the most useful organisms for tracing the history of continental relationships. With very few exceptions, they must remain in freshwater and cannot be transported by winds, floating debris, birds, or other agents. Their absence on oceanic islands suggests that such islands have never been connected to the mainland, at least during the evolutionary life span of those fishes. Their fossil record begins in the early Cretaceous, some 130 MYA.
An important biogeographic question is, where did the aplocheiloid fishes originate? Instead of assuming the existence of a widespread ancestor on Gondwana, one can look for the area in which most of the evolution has taken place. Within the larger group, the Cyprinodontiformes, generic diversity is highest in the New World (28), next highest in Africa (11), lower in the Near East (4), and least in southeast Asia (1). It has been postulated that the cyprinodontiform fishes originated in the New World, probably in the area from Mexico to South America, and succeeded in reaching the Old World via Africa early in their evolutionary history (Briggs, 1984) . The time suggested for their intercontinental dispersal was the early Cretaceous when Africa and South America were still in close proximity. In view of more recent information about the history of that intercontinental relationship, I suggest a middle or late Cretaceous migration rather than an early Cretaceous one. Lundberg (1993) also predicted for the cyprinodontiform fishes a history of dispersal across the Atlantic from west to east. Later, possibly by the Miocene, these fishes were able to cross other minor saltwater barriers to invade Madagascar and Southeast Asia. The presence of the most plesiomorphic aplocheiloids on Madagascar and the Seychelles is consistent with the concept that relatively primitive taxa should accumulate on the periphery of an evolutionary group. This center-of-origin phenomenon was first identified by Matthew (1915) and has since been observed in a wide variety of animal and plant groups. For example, lemurs now confined to Madagascar were once common in Africa but became extinct there when they were replaced by modern primates.
CICHLID FISHES
The family Cichlidae belongs to an apomorphic order, the Perciformes, that underwent an explosive evolution in the Tertiary. Despite an extensive fossil record, no definite perciforms have been identified from earlier deposits (Patterson, 1993) . However, Stiassny (1991) proposed that cichlids originated in the early Cretaceous and underwent considerable differentiation before continental breakup. But Lundberg (1993) observed that an early Cretaceous age would be unexpectedly ancient given the advanced position of perciforms in the overall phylogeny of teleost fishes.
Recent molecular investigations of cichlid evolution include works by Zardoya et al. (1996) , Streelman et al. (1998), and Farias et al. (1999) . In his book on phylogeography, Avise (2000) reproduced two phylogenys (Fig. 1) . The first was based on the aplocheiloid research by Murphy and Collier (1997) , and the second was based on the cichlid work done by Farias et al. Avise noted that the phylogenies showed similarities in phylogeographic topology that appeared to be consistent with ancient vicariant separations associated with the breakup of Gondwana. He also observed that the cladograms probably gave evidence of the detachment of IndiaMadagascar from Africa some 150 MYA and an AfricanSouth American separation starting nearly 100 MYA. However, two new works now suggest that cichlids may have undergone Tertiary migrations through the sea (Murray, 2001; Vences et al., 2001 ).
Are we really dealing with an ancient separation by means of tectonic plates, as most of the molecular work suggests, or do we have a more recent separation achieved by dispersal from a center of origin? The cichlid problem is similar to that posed by the aplocheiloids, and again the answer does not appear to be difficult. The cichlids are also secondary freshwater fishes. Many species live in brackish water and can tolerate higher salinities. Cichlids have been able to reach the West Indies and Madagascar, places where the primary freshwater species do not occur.
As Lundberg (1993) noted, Stiassny's (1991) cladistic framework implies that the New World clade is relatively SYSTEMATIC BIOLOGY VOL. 52 FIGURE 1. Phylogenetic trees for aplocheiloid killifishes (a) and cichlid fishes (b) (after Avise, 2000) . The three labeled clades were interpreted to reflect the ancient breakup of Gondwana.
derived from an ancestral Old World assemblage. Briggs (1995) observed that the phylogenetic position of the cichlids suggests an origin in the late Cretaceous when a seaway separated Africa and South America. Considering that most of the evolution within the family took place in Africa, these fishes probably originated on that continent. Cichlids should have been able to negotiate a modest saltwater gap.
RATITE BIRDS
The ratites are a group of flightless birds that are considered to be interrelated primarily because of their possession of a paleognathous palate (Carroll, 1988) . This structure is also found in the tinamous, which are flying birds living in South and Central America. Included in the ratite group are the exant kiwis, rheas, cassowaries, emus, and ostriches and also the extinct elephant birds of Madagascar and moas of New Zealand. Although some of the ratites had been separated into various orders, Cracraft (1974) decided, on the basis of morphological and biochemical studies, that they all had a common ancestry and that the tinamous were closest to the ancestral type. Cracraft (1974) proposed that the ratites evolved on Gondwana and attained their present distribution as the result of continental drift. Sibley and Ahlquist (1981) confirmed, on the basis of DNA-DNA hybridization work, that the ratites are a monophyletic group. They also adopted Cracraft's view that the ancestral ratite was distributed in Gondwana prior to that continent's fractionation. Sibley and Ahlquist devised a "molecular clock" in which genetic distances were largely calibrated against the geological dates for the Mesozoic breakup of Gondwana.
Subsequently, a fossil ratite was reported from the Paleocene of Brazil (Alvarenga, 1983) , and other paleontological research (Olson, 1985; Houde, 1988 ) revealed a series of grades in ratite evolution that had occurred in North America and Europe from the late Paleocene to the middle Eocene. These grades, represented by eight species in three genera, appeared to be ancestral to the modern ratites. The findings contradicted Cracraft's assumption of a single flightless ancestor on Gondwana and cast doubt on the validity of the avian molecular clock.
More recently, Feduccia (1995) called attention to the fact that the living orders of birds, once thought to have been represented in the late Cretaceous, have been restudied. As a result, the evolution of the ratites seems to have been confined to the Tertiary. But Hedges et al. (1996) determined that there was molecular evidence for the divergence of extant avian (and mammalian) orders around 100 MYA, and that this timing coincided with the Mesozoic continental dispersal. Paton et al. (2002) maintained that DNA genome sequences showed that the evolution of modern birds took place well before the Cretaceous-Tertiary boundary (65 MYA). Ericson et al. (2002) found that DNA sequences from the New Zealand wren, a passariform bird, indicated a Gondwanan origin. On the other hand, Fara and Benton (2000) decided that the lack of fossil evidence for the presence of modern orders of birds (and mammals) was sufficient to contradict claims of Mesozoic origins. Smith and Peterson (2002) observed that the discrepancy in dating bird and mammal ordinal origins probably reflects a global rock record bias and that paleontological sampling in the late Cretaceous is so limited that one cannot draw firm conclusions about pre-Tertiary records.
Aside from the confusion about the time of origin of modern bird orders, the controversy over the history of the ratites, supposedly a relatively primtive order (Struthioniformes), has continued. Briggs (1995) concluded from fossil evidence that the living and recently extinct fossil ratites are Southern Hemisphere relicts of a group that probably originated in the early Tertiary. In a DNA study, Van Tuinen et al. (1998) suggested that the evolutionary divergences among the ratites occurred not earlier than 90 MYA and that the ostrich is the most basal (plesiomorphic) among the living species. They also proposed that the lineage originated either in the combined African-South American continent or in South America after that continent had separated from Africa. At about the same time, Harlid et al. (1998) published their analysis of the complete genome of the South American ratite Rhea americana. They found that this species had diverged from the African ostrich about 51 MYA, much later than the split between Africa and South America, and from the Australian emu about 45 MYA.
In the following year, Harlid and Arnason (1999) published the results of a subsequent study. Their DNA analysis suggested that there was no real difference between the paleognath and other birds and that the order containing the ratites (Struthioniformes) was close to the order containing such familiar birds as chickens, turkeys, and quail (Galliformes). Furthermore, they suggested that the morphological characteristics of the ratites were probably acquired through neoteny and that they were descendants of flying ancestors. Avise (2000) , in reference to molecular studies carried out by others, supported the model of Mesozoic vicariance.
In February 2001, Cooper et al. published their study of DNA recovered from two extinct moa genera from New Zealand and an extinct elephant bird from Madagascar. They found the rhea to be the most basal ratite, with the two moa genera occupying the next position in the hierarchy. Their biogeographic conclusion supported the vicariant concept of land-based distributions occurring in the late Cretaceous. In March, Cracraft (2001) noted the contrast between the fossil evidence and most of the molecular clocks and pointed out the many bird lineages demonstrated pervasive trans-Antarctic distribution patterns. However, he concluded that such patterns arose in Gondwana prior to its breakup.
In May 2001, Haddrath and Baker reported that they had also examined the DNA from two extinct moas and found them to occupy the basal position in the ratite phylogeny. They agreed with the vicariant hypothesis but noted that the ostrich and the kiwi would require dispersals to explain their present distributions. Certainly, this latest work does not mark the end of the controversy. The odd assumption in all of the post-1995 works using DNA, with the exception of Harlid and Arnason (1999) , is that the oldest ratites were flightless and had to depend tectonic plate movement or land bridges to get around.
Over geologic time, the loss of flying ability has taken place in many different families of birds. Numerous examples are given in the book by Feduccia (1996) . If there is no strong and continual selection for the maintenance of the flight apparatus, it will disappear. In general, flightless birds are characterized by the retention of neotenic features. In the case of the ratites, almost all the anatomical characters that distinguish them from their galliform relatives can be attributed to neoteny (Harlid and Arnason, 1999) . We must also note that the loss of flying ability can take place rapidly in evolutionary time. The flightless birds found on some oceanic islands probably lost their ability within 1-2 MY (Feduccia, 1996) .
The fossil evidence indicates that the ratites were once widespread in the Northern Hemisphere, and none have been found that are older than the Tertiary. Other avian taxa from the late Cretaceous have been found and at first were placed in modern orders, but Feduccia (1995) and others maintained that such fossils represent a more ancient lineage that died out before the Tertiary. On the molecular side, despite the fact that all of the studies are comparatively recent, there is a wide variation in results.
One study places the ostrich at the base of the ratite lineage, another places the rhea in that position, and still another names the moas. Likewise, estimates of the time when the major lineages diverged vary from 45 MYA to 90 MYA. This disparity among results does little to engender confidence in the molecular method alone; results from DNA analyses may be best considered along with data from other kinds of research.
In view of the fossil and anatomical evidence now available, it appears that an alternative to the prevailing hypothesis of a Mesozoic rafting of the ratites is needed. I suggest that a scenario requiring an early Tertiary origin in South America and a subsequent broad distribution followed by a decline to their present pattern in the Southern Hemisphere is appropriate. An initial Paleocene dispersal, involving birds with flying ability, could have enabled an ancestral ratite to reach North America and Europe. From Europe, this ancestor could have extended southward to Africa and Madagascar. Such an early dispersal may have been followed by a later Eocene migration from South America to Australasia via Antarctica. The South American origin may be justified by the occurrence of an early (Paleocene) fossil in Brazil (Alvarenga, 1983) , the oldest unquestionable ratite, and the presence of the tinamous, a related group of volant birds. The Antarctic migration route is indicated by the report of a ratite fossil from the Paleogene of Seymour Island, Antarctic Peninsula (Tambussi et al., 1994) .
PARROTS
The earliest parrot (Psittiformes) has been identified from the Lower Eocene of the London Clay (Dyke and Cooper, 2000) . It apparently represents a sister family to the extant Psittacidae. The first psittacid parrot is known from the Miocene of Nebraska. Parrots have a neognathous palate that makes them an advanced order compared to the ratites. They are primarily distributed in the Southern Hemisphere and reach their greatest generic diversity in Australia (26 genera) and South America (25 genera) (Juniper and Parr, 1998) . It had been suggested that their early evolution took place on Gondwana (Cracraft, 1973) , but the order does not appear to be that old. Compared with the ratites, the parrots are considerably more advanced in the evolutionary scale. The relationship of one group, as determined by their mtDNA, indicated a divergence during the time of the Cretaceous-Tertiary boundary about 65 MYA (Miyaki et al., 1998) . Avise (2000) decided after viewing the DNA hybridization data (Sibley and Ahlquist, 1990) and the results of Miyaki et al. that the parrot lineages had been allocated to Australasia, South America, and Africa by ancient vicariance and had subsequently diversified in situ.
A suggested alternative history for the parrots would be an origin in the early Tertiary and a broad distribution to both hemispheres, followed by a southward retreat. Their origin and initial diversification may have taken place in either South America or Australia. Parrot diversity in Africa is comparatively low. Dispersal via flight, SYSTEMATIC BIOLOGY VOL. 52 especially when the southern continents were somewhat closer together, should have been no problem.
DISCUSSION
The Revulidae and the Aplocheilidae are secondary freshwater fish families found, respectively, in the New World and the Old World. Both families are included within the suborder Aplocheiloidei. Molecular studies found that the revulid species in the West Indies and the aplocheilid species in Madagascar exhibited significant genetic differences from their mainland relatives. The authors assumed that the differences occurred as the result of population separations caused by tectonic rafting in the Mesozoic. Likewise, most of the research on the DNA of cichlid fishes was interpreted to indicate a similar history. Biogeographic histories, if possible, should utilize information in addition to the molecular data. In these cases, the fossil records, the physiology of the organisms, and the ages of associated faunas provide important clues.
The fossil records of the Aplocheiloidei and the Cichlidae occur entirely within the Tertiary. Both groups include species that are physiologically tolerant of exposure to salt water. With regard to the associated faunas, DNA work on a wide variety of West Indian vertebrates plus evidence from fossil material provide positive indications of a Tertiary origin (Hedges, 1996) . On Madagascar, the original Gondwanan fauna was replaced in the Tertiary by the arrival of vagile species from Africa. In addition, there were invaders from the north after India had moved close to Eurasia (Lourenco, 1996) . In summary, the fossil records of the aplocheiloid and cichlid fishes do not support a life raft hypothesis, their physiology does not require one, and their associated faunas do not suggest one.
Although both fish groups are primarily tropical and apparently have never extended into temperate latitudes, this is not true for the two bird orders. In dealing with high-latitude Southern Hemisphere biogeography where there are often disjunct distributions among species, genera, and families, there is a frequent tendency on the part of investigators to look to the breakup of Gondwana as a distributional mechanism. However, the main events in that series of separations took place 180 to about 80 MYA. Without good evidence that a given clade is really that old, it may be advisable to look for Tertiary or Quaternary means of dispersal or vicariance.
The notable sea-level drop at the end of the Cretaceous (Hallam, 1992 ) allowed a considerable exposure of the continental shelves that lessened the distance between shorelines and probably permitted the emergence of subaerial islands. The presence of an archipelago between southern South America and Antarctica and the close approximation of Antarctica to Australia presented for the terrestrial biota a migratory window of opportunity from about 60 to 40 MYA. This resulted in the formation of what is often called an "amphinotic track" (Banarescu, 1990) . The strongest ties are between South America and Australia, followed by New Zealand. More distant relations are shown by southern Africa, Madagascar, and New Caledonia (Briggs, 1995) .
The amphinotic migrations were facilitated by two factors: the close physical proximity of southern South America, Antarctica, and Australia and the climatic conditions of the early Tertiary. About 50 MYA, the southern tip of South America and the Antarctic Peninsula were covered with paratropical forest. The periphery of Antarctica and the adjacent parts of Australia supported a broad-leafed evergreen forest, and central Antarctica had a broad-leafed deciduous vegetation (Janis, 1993) . Such favorable conditions were probably conducive to the migrations of ratites and parrots as well as many other organisms.
The disagreement between fossil and molecular dating for the time of origin of extant orders of birds is likely to continue for many years. The ratites are usually considered to be a primitive order (Struthioniformes), yet there are no Mesozoic fossils. However, there is now a report based on molecular dating, Ericson et al. (2002) that the New Zealand wren, belonging to the advanced order Passeriformes, is a Gondwanan survivor. As far as the ratites and parrots are concerned, presently available information does not suggest origins prior to the Tertiary.
CONCLUSIONS
Most of the recent research using molecular methods has identified the Mesozoic breakup of Gondwana as the causative mechanism for the circumglobal distribution of two fish groups and two avian groups. In all four cases, the fossil record together with some contradictory molecular results, and a variety of other evidence indicate a more recent dispersal. The aplocheiloid and cichlid fishes belong to the secondary freshwater fish category. This means that at least some of the species can enter salt water. These fishes occur in the West Indies and Madagascar, places where the primary freshwater fishes do not occur. Passage across a relatively narrow Atlantic Ocean probably took place in the middle or late Cretaceous.
The flightless ratite birds are closely related to the tinamous, which are flying birds found in Central and South America. The earliest ratites were probably capable of flight and lost that ability through evolutionary change. Parrots are a relatively advanced order of birds with their main evolution in the Australia and South America. The historical distribution of both bird groups was probably aided by an amphinotic track that was available from about 60 to 40 MYA. Although molecular research has generally been a boon to biogeography, some of it could be made more meaningful if it were better integrated with the body of knowledge that already exists. ACKNOWLEDGMENT I am indebted to E. J. Reitz for facility support at the Georgia Museum of Natural History.
